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Abstract

In conventional classical electrodynamics, a single metallic resistive conductor is considered to be electrically
neutralized in all parts of its interior when a direct current flows. Based on the field theory of electromagnetism, it is
thought that Joule’s heat is not supplied through a conductor, itself, but from the outside through its surface with the
Poynting’s vector, which represents the flow of electromagnetic energy. In contrast to this common knowledge, this paper
describes a new understanding that the surface of a conductor is positively charged as a thin layer, and that its inner
volume is negatively charged due to a pinch effect (Hall effect) on any direct current. As a result, three components of
electric- and magnetic-fields appear inside a cylindrical conductor: a radial electric field, an axial electric field, and an
angular magnetic field. A non-zero Poynting vector appears inside the conductor towards a radial direction, which supplies
Joule’s heat inside the conductor, itself. The surface charge density of a positively charged layer and the radial electric
field at the surface satisfies a boundary condition. It is then shown that Drude’s free-electron model provides a negligible
amount of pinch effect so that the conductor is neutralized everywhere, as expressed by common knowledge. However,
Sommerfeld’s free-electron model based on Pauli’ s exclusion principle in quantum mechanics provides a reasonable
amount of pinch effect so that the conductor has a non-zero charge distribution, as expressed by the new understanding.
A field theory of electromagnetism based on the pinch effect is apparently valid as a whole based on the present argument.
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Figure 1: Pinch effect (Hall effect) in a metallic resistive
conductor when dc flows.
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Figure 2: Distributions of true charge volume
density in a metallic resistive conductor when dc
flows.
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Figure 3: Distributions of (a) radial electric field, (b)
axial electric field, and (c) angular magnetic field.
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